Introduction {#sec1}
============

Supracondylar fractures of the humerus are the most common type of elbow fracture in children, accounting more than 80% of all fractures.[@bib1], [@bib2] Type III fractures according to Gartland classification are completely displaced.[@bib3] Surgical treatment of these fractures is complicated and requires orthopedic surgeons to perform technically difficult procedures. The standard treatment for type III extension supracondylar fractures is closed reduction and percutaneous pin fixation.[@bib4], [@bib5], [@bib6] However, there is ongoing debate about the use of crossed or parallel pin configuration for fixation of the fracture after closed reduction.[@bib7], [@bib8], [@bib9], [@bib10]

Though biomechanical studies have shown that crossed-pin is the most stable configuration, providing additional torsional rigidity, some clinical trials have shown good results with the lateral pin fixation method.[@bib11], [@bib12], [@bib13], [@bib14] The advantage of lateral entry pin fixation is prevention of potential iatrogenic ulnar nerve injury, which may occur due to medial placement of the pin in as many as 12% of cases.[@bib15], [@bib16]

Stability of pin configuration in the management of type II and III extension fractures has been compared in clinical studies, the majority of which have reported comparable results. Many researchers primarily focused on pin configuration alone, without considering associated factors that may influence loss of reduction (LOR).[@bib7], [@bib8] The aim of the present study was to compare LOR between medial and lateral pinning (crossed pinning) with lateral-entry pinning techniques for the treatment of Gartland type III extension fractures in children. An additional aim was to determine the potential factors affecting LOR after closed reduction and fixation of type III extension fractures.

Patients and methods {#sec1.1}
--------------------

A total of 124 children were treated for displaced Gartland type III extension fracture at the present institution (a major tertiary care children\'s hospital) between May 2013 and November 2014. Of these patients, 4 were excluded because they had undergone open reduction, 3 because preoperative skeletal traction was used, 3 because convergent pins were used, 6 because the fracture was found to be type II on evaluation, 5 because of the reduction quality was not postoperatively acceptable according to protocol, 8 due to inadequate quality of radiographs, and 8 due to the inadequate follow-up. Thus, 87 patients were enrolled, 48 of whom were in the lateral-entry group and 39 of whom were in the crossed-pin group. Local ethics committee approval was received.

Inclusion criteria included extension type III pediatric supracondylar fractures treated with closed reduction and percutaneous pinning in an emergent fashion (within 6 h of injury). Medical records were assessed regarding pinning technique, postoperative reduction quality, and LOR during follow-up. Postoperative complications including infection, nerve injury, and compartment syndrome were also recorded. Demographic preoperative data is shown in [Table 1](#tbl1){ref-type="table"}.Table 1Patient characteristics regarding pinning technique.Table 1Crossed-pin techniqueLateral--entry pin techniqueNumber of patients3948Patient age (mean ± SD) (years)6.1 ± 2.86.2 ± 2.9Gender (male/female)27/1235/13**Displacement** Posteromedial1116 Posterolateral2832 **Pulseless extremity**20**Neurologic deficit** AIN23 Ulnar10 PIN10**Associated fractures** Distal radius21 Ulna shaft10[^1]

All patients were subjected to operative treatment in the form of closed reduction and percutaneous pinning with either lateral or cross pinning technique. Fractures were treated by 1 of 6 full-time orthopedic surgeons. Choice of treatment primarily depended on surgeon preference and experience. Patients were divided into 2 groups. The lateral-entry pin group received 2 pins placed from the lateral side in a percutaneous, bi-cortical fashion. In this group only patients who had undergone either parallel or divergent lateral pinning techniques were enrolled. The medial or lateral addition of a third pin during surgery was also recorded.

Postoperative reduction quality was assessed after obtaining a comparison view taken early in the postoperative period to calculate Baumann\'s angle on the uninjured extremity.[@bib17] Baumann\'s angle difference of more than 12° between elbows on anterior-posterior (AP) radiographs was accepted as malposition. In addition, sagittal plane malreduction has been confirmed as a failure of the anterior humeral line to intersect the ossification center of the capitellum. AP radiographs were used to determine the communication of the medial or lateral columns.

Radiographic evaluation {#sec2}
=======================

Direction of fracture displacement and fracture classification were assessed based on preoperative AP and lateral radiographs. Postoperative radiographic evaluation included true anterior-posterior radiograph and lateral radiograph of the elbow. Postoperative digital standard radiographs obtained after pin fixation at 3--4-week and 3-month follow-ups were postoperatively reviewed to determine LOR ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1**(A)** Preoperative AP radiograph of type III supracondylar fracture. **(B, C)** Immediate postoperative AP and lateral radiographs revealing good reduction. Note medial wall comminution. **(D, E)** Radiographs taken at 4-week follow-up before pin removal showing reduction loss in coronal and sagittal planes. Red line indicates loss of reduction regarding the anterior humeral line.Fig. 1

Baumann\'s angle was calculated on AP radiograph at 3-month follow-up, and change in Baumann\'s angle between the immediate postoperative radiograph and at 3-month follow-up was calculated. In addition, Baumann\'s angle of the contralateral side was assessed from the AP view of the normal elbow for comparison of postoperative reduction quality.[@bib17] LOR in coronal plane was assessed as described by Kocher et al.[@bib7] A change in Baumann\'s angle of \<6° was defined as mild displacement, a change of 6°--12° was defined as major displacement in the coronal plane.

Reduction in the sagittal plane was assessed according to Skaggs et al as a failure of the anterior humeral line to intersect the ossification center of capitellum.[@bib12] This criteria was first assessed postoperatively to confirm anatomic fracture reduction, and was also reassessed at 3 months by control radiography in order to observe LOR in the sagittal plane.[@bib12], [@bib13] All measurements were made by 3 pediatric orthopedists.

Pin-spread distance (PSD) and pin-spread ratio (PSR) at the fracture were measured using postoperative AP radiography. PSD is the measurement of the distance in the coronal plane between the pins at the fracture site ([Fig. 2](#fig2){ref-type="fig"}). When more than 2 pins were present, this distance was measured between the most distant pins. PSR was obtained by dividing PSD by the coronal length of the humerus at the fracture.[@bib18]Fig. 2Pin-spread measurement at the level of the fracture. AB represents the coronal width of the humerus at the fracture site, while CD represents pin-spread distance.Fig. 2

Long arm casts were postoperatively used, with the elbow at 70°--90° flexion. Patients were discharged within 2 days of the surgery, with pin care recommendations. All patients were both radiographically and clinically followed-up at 1 week, 3--4 weeks, and 3 months. Cast and pins were removed at the 3--4-week follow-ups as an outpatient procedure. Thereafter, full range of motion was initiated.

Patients were evaluated for humeral-ulnar angle as the carrying angle, and clinically evaluated for flexion and extension degrees according to Flynn\'s criteria at 3-month follow-up.[@bib19]

Statistical evaluation {#sec3}
======================

All statistical analyses were conducted using SPSS software (version 21.0; SPSS Inc., Chicago, IL, USA). Data of all variables was analyzed to determine differences in characteristics between the LOR group and the group without loss of reduction. Multinomial logistic regression analysis was used to identify factors predictive of LOR. The level of significance was set at p \< 0.05. Descriptives (mean ± SD) and 95% confidence intervals were calculated for continuous variables.

Results {#sec4}
=======

Overall, 12 patients had LOR during follow-up, all of whom were in the lateral-entry group. Two patients with lateral entry pin configuration had major LOR in the coronal plane, and 3 of the 39 patients treated with medial and lateral entry method had LOR. No significant difference regarding LOR among the pinning groups was found (p = 0.14). Nine patients had a third pin either medially or laterally placed. Of these 9 patients, 6 had an additional medial pin placed (configuration: 1 medial and 2 lateral), and the other 3 had an additional lateral pin placed (configuration: 3 lateral entry pins). The patients with only (2 or 3) lateral pins were included into the lateral-entry group, while those who received an additional medial pin were included in the crossed-pin group.

Comparison of PSD at the fracture site among patients with and without LOR showed no significant difference (p = 0.34). Neither was significant difference found regarding the ratio of width of pin-spread to width of humerus at the fracture site (PSR) (p = 0.73). No significant difference was found upon comparison of PSR and PSD among groups with different pin configuration. Fractures that lost reduction had an average pin-spread of 12.4 mm (4.8--23.4) and 39% of humerus width, compared to 14.2 mm (6.8--31.7) and 41% of humerus width of those without LOR. Among the 9 patients with an additional third pin, 1 patient with an additional lateral pin placement (3 lateral configuration) had sagittal LOR.

Cosmetic and functional outcomes were similar between the groups at 3-month follow-up, according to the Flynn criteria. On the other hand, significant difference between patients with and without LOR regarding the association of medial wall comminution was found (p = 0.01). There was also significant difference in the lateral-entry group with regard to LOR and association of medial wall community (p = 0.01). However, in the crossed-pin group, no significant association of LOR with medial comminution was found (p = 0.48). Detailed statistical data is shown in [Table 2](#tbl2){ref-type="table"}.Table 2Patient data and statistical analysis.Table 2Loss of reduction n:12Without loss of reduction n:75p valueOdds Ratio%95 CINumber of patients (Cross-pinned/Lateral-entry)3/936/390.140.3610.090--1.439Age (mean ± SD) (min--max) (years)5.3 ± 2.6 (1--10)6.3 ± 2.9 (1--13)0.280.8840.705--1.109Gender (male/female)8/451/240.920.94120.257--3.434Displacement (Posteromedial/Posterolateral)3/924/510.620.7080.175--2.854Medial comminution (present/absent)6/612/63**0.015.25**1.446--19.054Lateral entry (medial comminution, present/absent)5/46/33**0.016.875**1.421--33.261Cross-pinned (medial communituon, present/absent)1/26/300.482.500.194--32.19Baumann\'s angle (mean ± SD) (min--max)73.9 ± 6.7 (62.4--84)74.3 ± 5.1 (59.5--86)0.790.9850.880--1.104Change in Baumann\'s angle (mean ± SD) (min--max)−0.39 ± 3.1 (−6.4--5.8)0.02 ± 4.4 (−8--25.5)0.760.9750.825--1.152Pin-spread distance (mean ± SD) (min--max) (mm)12.4 ± 5.6 (4.8--23.4)14.2 ± 4.2 (6.8--31.7)0.340.9460.843--1.062Pin-spread distance (\>10 mm/\<10 mm)7/555/200.290.5090.144--1.788Pin-spread distance (\>13 mm/\<13 mm)5/738/370.560.6950.202--2.388Pin-spread distance/fracture line length (mean ± SD) (min--max)%39 ± 15%41 ± 150.730.490.08--28.795Pin-spread distance/fracture line length (\>30%/\<30%)9/359/160.770.81360.196--3.361[^2][^3]

Discussion {#sec5}
==========

LOR of 13.7% was found in the present study a result well-correlated with the related literature. Incidence of LOR is reported between 10 and 20% in the management of type III extension fractures, most of which presented with minor loss of reduction in the coronal plane, and were seen in lateral entry groups.[@bib7], [@bib8] Some authors claim that 2 lateral pins alone provide adequate stabilization in completely displaced type III supracondylar fractures and avoid injury to the ulnar nerve.[@bib7], [@bib8], [@bib14] Though no significant difference between the groups regarding LOR was presently determined, 2 major displacements occurred in the coronal plane in the lateral-entry group. The number of patients with LOR (9) in the lateral-entry group was more than the double that of patients in the crossed pining group. We believe this finding to be remarkable, considering the small numbers of patients with LOR in the present study. On the other hand, the number of patients reported with LOR in other relevant clinical studies has been even smaller. Studies with a large number of patients are needed in order to draw conclusions.

The main limitation of the present study was its retrospective design. However, as a major tertiary care children\'s hospital, medical records, and radiological and clinical follow-up protocols in the management of supracondylar fractures are well-established, as more than 200 fractures are treated per year.

It is believed that a strength of the present study was the exclusion of patients without acceptable reduction. One can speculate that fractures with initial displacement are prone to LOR. According to Gaston et al, a fracture that is pinned in a malreduced position that does not lose further reduction must be differentiated from a fracture pinned in an anatomic position that subsequently loses reduction.[@bib8] Moreover, the homogeneity of the groups with regard to pinning techniques was well-established; no patient with additional medial pin was included in the lateral-entry group.

In a surgeon-randomized prospective study by Gaston et al, patients who received an additional pin were included in the lateral-entry group.[@bib8] As a result of which, some lateral pin configurations were changed to crossed-pin. On the other hand, Kocher et al designed a prospective randomized trial with a relatively small number of patients and compared the configurations in type III supracondylar fractures.[@bib9] The authors excluded some patients due to additional pin placement. The exclusion of these patients may have had an effect on their results, considering the small number of patients with LOR. We may speculate that fractures requiring an additional medial pin placement possibly posed as fractures with more rotational instability. In the present study, all patients in the crossed-pin group who received an additional medial pin were included, regardless of the initial procedure.

No significant difference in characteristics between patients with and without LOR was found. Neither were differences found regarding pin configuration or presence of LOR in clinical evaluation of groups. It was determined that fracture characteristics may contribute to LOR, as fractures with medial wall comminution were at a higher risk. This was the only important factor contributing to LOR presently found. Larson et al stated in a biomechanical study that medial comminution decreases fracture stability significantly, and that the most stable pin configuration against the torsional forces is 2 lateral and 1 medial. It was also presently found that association of medial column comminution had significant relation to LOR in the lateral-entry group, though not in the crossed-pin group, in accordance with the findings of Larson et al. It is presently believed that crossed-pin fixation should be preferred when medial cortex comminution is present and stability cannot be obtained with 2 lateral pins.[@bib11]

Pennock et al recently reported that pin spread is an important factor in the prevention of LOR, with a target pin spacing of at least 13 mm, or 1/3 the width of the humerus at the level of the fracture.[@bib18] However, Aarons reported that PSR, the distance between the pins at fracture level divided by the fracture width, was not associated with LOR.[@bib20] It was presently determined that PSD and PSR were not associated with LOR. However, the average PSD presently obtained was over 12 mm in both the lateral entry and crossed pining groups. This is an acceptable spread distance, suggested by many authors in order to avoid LOR. In addition, average PSRs were over 35% in both groups. These parameters are in agreement with Pennock suggestion that pin spacing should be at least 13 mm or 1/3 the width of the humerus at the level of the fracture in order to prevent LOR. Nevertheless, we agree with Sankar and Pennock et al that PSD and PSR are important technical considerations that aid in the provision of more stable constructs in order to protect reduction.[@bib18], [@bib21]

It is presently believed that stability in type III supracondylar fractures can be achieved regardless of pin configuration (lateral or crossed), unless medial wall communication is present. When medial comminution is present, crossed pinning configuration should be preferred, in order to protect the reduction. Pins with spread of approximately 1/3 the width of the fracture in bi-cortical fashion is the most important point of reduction control, as has been suggested.[@bib20], [@bib21]

This study is a retrospective type 3 original article.
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[^1]: SD: standard deviation; AIN: anterior interosseous nerve; PIN: posterior interosseous nerve.

[^2]: SD: standard deviation; n: number; min: minimum; max: maximum; mm: millimeters.

[^3]: Bold indicates significant values.
